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Abstract 
 
Augustus Temple, Roman Baths, Julian Column and Gavurkalesi are some of  the symbol monuments of 
Ankara. The main and  subtypes of physical, chemical and biological degradation types appear in these 
monuments. The continental climate, air pollution, human factors are the most important parameters of  
deterioration of Ankara monument stones. Classification of degradation types in monuments will make a 
significant contribution to the restoration work and will make the monuments more resistant to years. 
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1.Introduction 
Augustus temple, Julian Column and Roman baths 
remnants are located in Ankara's Ulus region. 
Gavurkalesi is only situated in Haymana district. 
They are the symbol monuments of Ankara. These 
monumental buildings have been standing for years 
despite Ankara's cold and continental climate. The 
difference between daytime and night time 
temperature, which is an important feature of  
terrestrial climate, is causing physical destruction 
on these monuments. Especially the intensive use of 
fossil-derived fuels, which are used extensively in 
Ankara until 1990s, can also cause chemical-
induced deterioration. In addition to physical and 
chemical deterioration, it also contributes to the 
destruction of stone monuments during biological 
degradation. Some of the memorial reliefs found on 
the surface of the rock due to physical deterioration 
have also been erased and destroyed in the Hittite 
monument, which is known as Gavurkalesi within 
the borders of Ankara's Haymana district. The type 
of erosion is at the point of disappearance with 
some abrasions. The lack of an archaeometric work 
and the failure to classify the types of degradation 
of  monuments  is a shortcoming. The purpose of 
this study is to prepare a documentation containing 
a preliminary preparation for the restoration of 
these monuments. 
2.Material and Method 
 
Roman baths, Julian column and Augustus temple 
are situated very close to each other. Only 
Gavurkalesi is located in the Haymana district of 
Ankara. The physical, chemical and biological 
factors affecting these structures vary according to 
the stones, which are the building materials in 
which the monuments are made. In this study, these 
types of degradation are described by Fitzner et al. 
[1]. It has been studied as a systematic method for 
mapping surface defects. Being a method that does 
not damage the historical structure, it provides 
valuable information before the works to be done 
for protection of the structure. The classification of 
decomposition forms has been published as a list as 
a result of the examination of different types of 
stones and is now widely used.In this study, Fitzner 
metot was applied and the deterioration types are 
divided in to four parts. 
 
3. Definition and Observation 
 
The building stone can be degraded from chemical, 
physical, mechanical and biological reasons [2]. 
The deterioration starting from the outer surface of 
the stone to the inner surface may sometimes be on 
the outer surface from the inner surface. Many 
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factors such as the porosity structure of the stone 
due to its structure, the relationship with some of 
the porosity networks, the temperature of the 
environment  and atmospheric pollution are 
effective in stone deterioration [3]. In humid and 
hot weather, chemical degradation is dominant and 
degradation is rapid. However, physical degradation 
is more effective in cold-dry weather, and 
degradation rate in stones is slower [4]. To describe 
the deterioration that seen on the monuments, four 
main groups and subgroups were given  below [5]. 
 
3.1 Group I: Loss of Material 
 
Deterioration in the form of fracture, material losses 
that occur in the stone and breaks during the 
construction of the structure are the main factors. 
The edges of the floor of the Julian column and the 
surface of the column were broken due to one of the 
main reasons mentioned above (Figure 1a, b) 
 
 
 
Figure 1a, b, Loss of material in the form of 
fracture observed at the edges of Julian column 
 
Loss of  material, which appears uniformly parallel 
to the original surface of the stone, is seen intensely 
on Roman objects (Figure 2).  
 
 
Figure 2, Loss of material on the upper part of the 
stone due to physical decomposition in Roman 
tomb stone of  Roman period 
 
This type of deterioration is particularly intense in 
areas where there is physical detachment. This kind 
of decomposition is dominant in places where the 
temperature difference between day and night is 
great as well. Such deterioration problems are also 
present on the lower surfaces of the Augustus 
temple (Figure 3). 
 
 
Figure 3, Ruptures that are the type of physical 
decomposition observed on the lower surfaces of 
the Augustus temple 
 
Factors such as rain water and wind can lead to the 
loss of a proportional form of material on the 
surface of the stone, and the shapes and letters on 
the surface of the monument stone disappear over 
time. Such distortions are called "roundness (Rr)". 
The material  loss of  the lion statue in the Roman 
bath can be clearly seen, especially due to the 
rounding in the face part (Fig. 4). 
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Figure 4, Distortion of roundness due to erosion in 
the face of  lion statue in Roman baths 
 
The greatest damage of  the roundness is seen in 
Hittite figures in Gavurkales and the figures of  
Hittite soldiers are stripped from the stone surface 
due to erosion and lose their original shape (Figure 
5) 
 
 
Figure 5, Loss of  material due to deterioration and 
rounding of  Hittite military figures in Gavurkalesi 
over time from the original form 
As a result of the granular disintegration of  the 
stones due to the erosion, they are present in the 
form of "rounding", it can especially be seen  at the 
edges and the upper parts of the monument stones. 
The relief-type degradation, "roundness" , is similar 
to erosion-induced distortions. Rounding is also a 
loss of material in corners.In the picture below, 
rounding is shown on the upper surface and edges 
of the Roman andesite stone block of Roman period 
(Figure 6). 
 
 
Figure 6, Deterioration resulting in loss of material 
due to deposits on the andesite stone inscription in 
the Roman bath 
 
The gaps or holes that can be seen on or between 
the stone surfaces can be of various sizes. Due to 
structural reasons, the holes that are uncovered on 
the surface of the stone in order to mount an 
element accelerate the deterioration on the surface 
of the stone over time and may come to break on 
the surface of the stone. In particular, due to the 
restoration of the surface of the Augustus temple, 
too many holes were opened (Figure 7). This is why 
material  losses are a common. Such deterioration 
can also trigger other types of deteriorations. For 
example, chemical substances may accumulate in 
the stone pits due to atmospheric pollution (Figure 
8). 
 
 
Figure 7, Loss of material from the stone surface 
due to holes in the surface of Augustus temple due 
to structural reasons. Particularly the stratification 
(accummulation) of  the black color around the 
holes 
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Figure 8, A close view to the holes on the surface of 
the Augustus temple. Due to the atmospheric 
pollution, black-coloured accumulation clearly 
visible around the holes 
 
3.2 Group II: Color Change / Accumulation 
 
There are  subgroups of this type of degradation. 
The subgroups are the “color change of  the stone 
surface” and  “accumulation of chemical substances 
on the stone surfaces such as dust and various kinds 
of organic and inorganic substances”. The plant 
roots between the stones gaps and cracks on the 
surface can cause physical / chemical / mechanical 
deterioaration on the surface  (Figure 9). Plants on 
the surface of  Gavurkalesi were observed and these 
plants emerged in cracked areas caused some small 
cracks. 
 
 
Figure 9, Plant colonization in the cracks on the 
surface of Gavurkalesi stone block 
 
Drip type deterioration was seen especially in the 
Agustus temple. Pigeons are a threat to the 
Augustus temple because the pigeons in the Haci 
Bayram mosque are fed by the visitors. The 
presence of  water-soluble salts such as sulphate, 
nitrate and phosphate in pigeon and bird feces 
causes deterioration in the type of contamination on 
the marble surfaces of the structure (Figure 10). 
 
 
Figure 10, Contamination caused by pigeon and 
bird feces on the marble surface of Agustus temple 
 
Some marble surfaces on the Augustus temple have 
black patina (stains) formed by bacteria (Figure 11). 
 
 
Figure 11, Black patina formed by bacteria on the 
marble block 
 
No algae, lichen or fungus type biological 
colonizations have been observed on the andesite, 
marble and basalt stone blocks of the monuments in 
Ankara. Biologic deposits have not been observed 
in some monuments because such biological lives 
prefer more than 70% relative humidity and over  
10 ° C or large temperature environments. The most 
important point is that they do not like atmospheric 
pollution. However, on the marble surfaces of the 
Roman baths stones, biological stratigraphy and 
stains are observed from algae and lichen species. 
Algae are single-celled organisms that live in the 
form of colonies. In general, algae that live on very 
damp surfaces can form a compact, tightly textured 
or film-like layer on the rock. Figure 12 shows 
algae colonies on marble surfaces. 
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Figure 12, Biofilm formation on the marble surface. 
 
On the surfaces of many marble gravestones in the 
Roman baths, lichen, black algae and mushroom-
like biological colonizations are seen at the same 
time. In particular, lichens and algae-like biological 
deposits that appear on the sides and upper parts of 
marble stones can crack the stones and cause 
decomposition. Particularly those organisms that 
love moist areas prefer to use roof surfaces. Lichen 
and moss formed on the surface appear orange, 
black and yellow (Figure 13a, b, c, d) 
 
  
 
 
 
Figure 13 a, b, c, d, Lichen and algae occurrences 
on the tombstones of  Roman baths 
 
Gavurkalesi is situated in the rural area and it has 
more lichen-like formations, especially on the upper 
part of the stones around the monument. The most 
important factor is that the pollution in this area is 
less if compared with cities. The influence of 
atmospheric pollution on historical monuments 
located in the center of Ankara prevents the 
accumulation of  lichen, algae, fungus and algae 
colonization on these stone surfaces. Gavurkalesi is 
situated on a city away place that is not affected 
from pollution and traffic pollution (Figure 14) 
 
 
Figure 14, Lichen, algae, fungus occurrences in 
Gavurkalesi stone blocks 
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3.3 Group III: Granular Disintegration 
 
Granular / physical dissolution (dusting, crumbling, 
sanding), scattering, thinning, crusting, 
stratification and solubility of the rocks on the stone 
are the main subgroups. Granular dissolution is 
caused by the breakage of small pieces from the 
stones. Particularly, the breakdown of the stone 
surface is accelerated by the granular dissolution 
wind, which is due to salting, and the existence of 
rain, that is erosion. Such deterioration is 
particularly evident on the walls of the temple of 
Augustus, especially near the lower floor where 
moisture is present (Figure 15a, b). There was no 
such deterioration in other monuments. 
 
 
 
Figure 15 a and b, Granular disintegration on the 
walls of the Augustus temple. When touched by 
hand, there are pieces that are handled like sand 
 
3.4 Group IV: Cracks / Deformation 
 
This kind of decomposition refers to distortions as a 
result of changes occurring in the structure of the 
stone in its group. Cracks and deformations that 
occur in the stones are characteristic of this group. 
Cracks are observed especially in marble blocks of  
Roman baths (Figure 16). The marble block was 
used as a door joist. Because of the heavy load 
pressure, the roofs have become tattered in vertical 
and horizontal directions. In addition to this, it is 
affected by various factors such as temperature due 
to the cracks by expansion of the capillaries. 
  
 
Figure 16, Fractures on marble stone block found in 
Roman bath 
 
The thin and small cracks observed on the stones 
are also found on the basalt rocks forming the 
macro cracks Gavurkales (Figure 17), and on the 
marble monument stones in the Roman baths 
(Figure 18 a and b). 
 
 
Figure 17, Cracks on the basalt rock of Gavurkalesi 
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Figure 18a and b, Cracks on Roman marble 
monuments 
 
4. Result and Recommendations 
 
Physical, chemical and biological deterioration 
causes decays in and on the stone surfaces and they 
are expected for material losses and destruction of 
non-recyclable materials in the years. Ankara is 
located in a continental climate, there are a lot of 
temperature differences between day and night and 
the use of fossil fuels until 1990s in the center of 
Ankara can be summarized as the main factors for 
the stone deterioration. The most obvious types of 
deterioration that appear in monuments are 
physically-based decays . This article summarizes 
the types of deterioration observed in the building 
stones of  Roman baths, the temple of Augustus, the 
Julian column and the Gavurkalesi, which are the 
symbol monuments of Ankara. Table 1 shows that 
the main decay types are loss of material and color 
change due to material accumulation. The less 
observed decay type on the monuments is granular 
disintegration.The ruins of  buildings in the Roman 
baths, the Julian monument and the Augustus 
temple are around the Ankara citadel. The 
weathering types and degrees are similar with 
comparing Ankara cidatel stones’ deterioration  and 
the types of degradation observed in Fitzner's 
monumental deterioration [6]. 
 
Table 1. The monuments and decay types 
 
 This study has identified the problems observed in 
these monuments and will be a “stepping stone” in 
future restoration work. 
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